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We show that rejection of local realism in quantum mechanics can be tested
by low-order moments and two observers. We prove that one requires three ob-
servables for each observer for a maximally entangled state and two observables
for a non-maximally entangled state and write down appropriate inequalities
and show violation by quantum examples. Finding an example for quadratures
or position and momentum is left as an open problem.
Local realism means that outcomes of measurements by remote observers exist sepa-
rately for each observer before the measurement is chosen. It has been initially discussed
by Einstein, Podolsky and Rosen (EPR) [1] in the context of measuring position and mo-
mentum of an entangled state. However, later Bell [2], Clauser, Horne, Shimony, and Holt
(CHSH) [3] found a simple violation of local realism in a simple entangled state of two
spins while measuring spin along different axes, with dichotomic outcomes. Despite the
simplicity of the Bell model, it took over 50 years to confirm violation [4–7] although the
assumptions of the experiments require further research [8]. On the theoretical side, many
examples how to reject local realism have been proposed, including many observers [9] or
outcomes [10]. The outcome can be just a real number from continuous range, a result
of position/momentum measurement like in the EPR case [11–15]. Tests of local realism
with continuous variables are within the scope of current research [16].
In this paper we focus on a special direction of test local realism, based on a correlation
of moments like 〈AkBl〉 for two separated observers A and B, with a given maximal degree
k+l and no additional assumptions, like a dichotomy. Note that commonly used dichotomy
A = ±1 is equivalent to the fourth-moment constraint 〈(A2−1)2〉 = 0. The moment-based
tests have been proposed first by Cavalcanti et al. [17], involving 10 observers, later
reduced to three observers [18]. The original CHSH inequality can be rewritten in terms of
up to fourth moments [19]. Rejection of local realism needs always at least 4th moments
[20] (unless dichotomy or other auxiliary assumptions are made). Moments are useful in
tests of local realism based on weak measurements when a large detection noise has to be
subtracted to extract quantum correlations [21–23]. Then the contribution of detection
noise to the measured correlation grow quickly with the degree of the correlation/moment.
The low-order moments in tests of local realism can be useful also in relativistic quantum
field theories where sharp measurement cause problems with renormalization [24], while
moments and correlations can be regularized to avoid infinities.
The aim of this paper is to reject local realism by only two observers and moments of
the type 〈AkBl〉 with k, l ≤ 2, i.e. second-second order. It is known that a natural class of
inequalities involving such moments is satisfied both in quantum and classical mechanics.
Adam Bednorz: abednorz@fuw.edu.pl
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We explored a general class of inequalities constructing a positive polynomial being a sum
of low order monomials of jointly measurable observables. The violation of the positivity
of the average of the polynomial implies the rejection of local realism. We show that
such polynomial is not necessarily a sum of squares. Surprisingly, a maximally entangled
state requires at least three observables for each observer. However, there exists a class
of examples involving non-maximally entangled states and only two observables at each
side. Unfortunately, we have not found an example involving only position and momentum
(quadratures).
1 Moment-based inequalities and local realism
Local realism for two observers means existence of a joint (positive) probability p({Ax}, {By})
where Ax is the (random) outcome measured by the observer A for a choice x = 0, 1, 2...,
By – by observer B. The locality means that the outcomes A,B depend only on local
choice x, y, respectively. Locality excludes combined dependence, e.g. Ay or Axy. Con-
trary to the traditional Bell test, we do not impose any constraints on A,B like dichotomy.
They can be arbitrary real numbers. The concept of moment-based inequalities relies on
construction of inequality involving measurable moments of A,B, i.e. 〈AkxBly〉 with natural
k, l, valid for arbitrary positive p. Measurability excludes correlations of different choices
e.g. 〈Aj0Ak1Bmy 〉 for j, k 6= 0. The first such inequality has been proposed by Cavalcanti et
al. [17] reading
〈A21B21〉+ 〈A22B21〉+ 〈A21B22〉+ 〈A22B22〉 ≥ (〈A1B1〉 − 〈A2B2〉)2 + (〈A1B2〉+ 〈A2B1〉)2 (1)
The quantum test of such inequality requires identification of moments with operator
averages
〈AkxBly〉 = 〈AˆkxBˆly〉 = TrρˆAˆkxBˆly (2)
assuming Hermitian Aˆx and Bˆy acting in the tensor space HA ⊗ HB on its component,
i.e. Aˆx → Aˆx ⊗ 1ˆ and Bˆy → 1ˆ⊗ Bˆy, with the quantum state ρˆ represented by Hermitian,
semipositive density matrix, normalized to 1. Unfortunately, (1) holds also in quantum
mechanics, which is not trivial to prove [20, 25].
Nevertheless, already (1) generalized to three observers can be violated [18]. Here
we stick to 2 observers, A and B. One can rewrite standard CHSH inequality in terms
of moments 〈AkxBly〉 with k + l ≤ 4. However, it involves pure fourth moments 〈A4x〉
[19]. The goal of this paper is to find an inequality involving only second-second order
moments, namely 〈AkxBly〉 with k, l ≤ 2. The gain is that only the observable and its
square appear in the correlation, avoiding high order diverging terms, hare to eliminate in
weak measurement approach or relativity.
We search of an appropriate inequality by examining positive polynomials. i.e.
W ({Ax}, {By}) ≥ 0 (3)
for all Ax, By while the expansion ofW into monomials gives only terms AkxBly with k, l ≤ 2.
In this way, such monomials do not contain products like A1A2, which cannot be jointly
measured. Then the classical inequality 〈W 〉 ≥ 0 holds for a nonnegative probability p and
can be tested in quantum mechanics. Note that W is not necessarily a sum of squares of
polynomials, for example
A21+A22+B21+B22+(A21+A22)(B21+B22)−
3
√
3
4 ((A
2
1−A22)(B1+B2)+(B21−B22)(A1+A2)). (4)
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The proof of positivity and impossibility of decomposition into polynomial squares is given
in Appendix A (compare also with Choi example [26]). Unfortunately, we have not found
any quantum violation of (4), yet we failed to prove that the inequality holds in the general
quantum cases. Nevertheless, in the next sections, we show that the violating cases exist
but the polynomials, inequalities and violating states and observables are complicated.
2 Maximally entangled state – three choices
First note that we can reduce the discussion to pure states i.e. ρˆ = |ψ〉〈ψ|. Otherwise
ρˆ =
∑
i
qi|ψi〉〈ψi| (5)
with 〈ψi|ψj〉 = δij and qi ≥ 0, ∑i qi = 1 but also
〈AkxBly〉 =
∑
i
qi〈ψi|AˆkxBˆly|ψi〉 (6)
If a positive pi exists for each pure state |ψi〉 and gives up to second-second moments as
predicted by quantum mechanics then
∑
i qipi will be the final probability.
Focusing on pure states, for two observers we can make Schmidt (singular value) de-
composition
|ψ〉 =
∑
j
φj |jj〉 (7)
in certain tensor basis |ij〉 ≡ |i〉A ⊗ |j〉B with real nonnegative φj satisfying ∑j φ2j = 1.
For a maximally entangled state φj = 1/
√
N where N is the number of basis states in
the decomposition. Note that the dimension of HA and/or HB can be larger than N , i.e.
some basis states may not appear in the decomposition. While maximally entangled states
give the largest violation of CHSH or other inequalities, here counterintuitively they are
useless if any of the observers, A or B, has only two choices. In this case one can explicitly
construct the local probability p, see Appendix B.
We construct a minimal example for a violation requiring at least 3 choices for each
observer. The following classical inequality holds
〈(A1B2 +A2B3 +A3B1 − 1)2〉 ≥ 0 (8)
for all real Ax, By. On the other hand opening squares we can reduce it to
〈A21B22〉+ 〈A22B23〉+ 〈A23B21〉+ 2(〈A1B3A2B2〉+ 〈A2B1A3B3〉+ 〈A3B2A1B1〉) ≥ (9)
2(〈A1B2〉+ 〈A2B3〉+ 〈A3B1〉)− 1.
Using Cauchy-Bunyakovsky-Schwarz (CBS) inequality we get√
〈A22B21〉〈A23B23〉 ≥ 〈A2B1A3B3〉 (10)
and two others by cyclic shift of 123. Then we get the inequality
〈A21B22〉+ 〈A22B23〉+ 〈A23B21〉+ 2
√
〈A21B23〉〈A22B22〉+ 2
√
〈A22B21〉〈A23B23〉
+ 2
√
〈A23B22〉〈A21B21〉 ≥ 2(〈A1B2〉+ 〈A2B3〉+ 〈A3B1〉)− 1 (11)
where all correlations are measurable.
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Let us now consider the quantum case. The standard Bell state (maximally entangled)
√
2|ψ〉 = |+−〉 − | −+〉 (12)
and operators in (|+〉, |−〉) bases
Aˆx =
1
2
(
1 e2piix/3
e−2piix/3 1
)
(13)
for x = 1, 2, 3 (similarly Bˆy) then
〈AxBy〉 = 〈A2xB2y〉 = (1− cos(2pi(x− y)/3))/4 (14)
The operators are in fact projections along regularly distributed axes on the great circle
of Bloch sphere, see Fig. 1. In our case 〈AzBz〉 = 0 while 〈AxBy〉 = 3/8 for x 6= y and
the inequality is violated with the left hand side equal 9/8 while the right hand side is
2(9/8)− 1 = 10/8 > 9/8. The violation can be also quickly understood from the fact that
〈A2zB2z 〉 = 0 implies that AzBz = 0 so either Az = 0 or Bz = 0 for each z, giving a simpler
inequality
〈A21B22〉+ 〈A22B23〉+ 〈A23B21〉+ 1 ≥ 2(〈A1B2〉+ 〈A2B3〉+ 〈A3B1〉) (15)
checked by examining all cases, e.g. ifA1 = A2 = 0 then it reduces to 〈A23B21〉+1 ≥ 2〈A3B1〉
obviously satisfied.
In experimental practice, tests of local realism often cope with null outcome, i.e. both
observers register 0 or null – a special outcome if no detection is registered – at low rate
of production of entangled states. It happens e.g. in Clauser-Horne-Eberhard inequality
[27, 28], which helps to take into account finite efficiency of photon detectors. Note that
the event with only one observer registers null cannot be removed. Otherwise one has to
assume fair sampling, which opens a loophole for local realism.
Suppose the probability is dominated by the null event A = B = 0 so that p → rp
with r being the (small) entanglement rate and 1 − r being the probability of null event.
Then the example (11) scales down everything except −1 on the right hand side at small
entanglement production rate and violation disappears. We can get rid of the null event
by redefining A′1 = 1−A1, B′2 = 1−B2 when the inequality reads
〈(1−A′1)2(1−B′2)2〉+ 〈A22B23〉+ 〈A23B21〉+ 2
√
〈A21B23〉〈A22(1−B′2)2〉+ 2
√
〈A22B21〉〈A23B23〉
+ 2
√
〈A23B22〉〈(1−A′1)2B21〉 ≥ 2(〈(1−A′1)(1−B′2)〉+ 〈A2B3〉+ 〈A3B1〉)− 1 (16)
where the free terms (numbers) cancel at both sides. Thanks to the cancellation the
inequality keeps being violated when non-null probability is scaled by r. Operationally the
change of variables corresponds to taking complementary projection.
3 Non-maximally entangled state – two choices
As stressed in the previous sections two choices of each observer require a non-maximally
entangled state. The shall first construct inequality for two choices, i.e. A1, A2, B1, B2.
We have
(A1B2 +B1A2 − (A1 +B1)/2)2 ≥ 0 (17)
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Figure 1: Distribution of projection axes Aˆx and Bˆy for the Bell state (12) on the great circle of Bloch
sphere
expanded into
〈A21B22〉+ 〈B21A22〉+ 2〈A1B1A2B2〉+ 〈(A1 +B1)2〉/4
+ 〈(A1 −B1)(A1B2 −A2B1)〉 ≥ 2(〈A21B2〉+ 〈B21A2〉). (18)
Using CBS inequality √
〈A21B21〉〈A22B22〉 ≥ 〈A1B1A2B2〉 (19)
and √
〈(A1 −B1)2〉
(√
〈A21B22〉+
√
〈A22B21〉
)
≥ 〈(A1 −B1)(A1B2 −A2B1)〉 (20)
we get the final inequality
〈A21B22〉+ 〈B21A22〉+ 〈(A1 +B1)2〉/4 +
√
〈(A1 −B1)2〉
(√
〈A21B22〉+
√
〈A22B21〉
)
+ 2
√
〈A21B21〉〈A22B22〉 ≥ 2(〈A21B2〉+ 〈B21A2〉). (21)
Now let us take Aˆ1 = Bˆ1 = |+〉〈+| and Aˆ2 = |n+〉〈n+|, Bˆ2 = |n−〉〈n−| with |n±〉 =
cosφ|+〉 ± sinφ|−〉 and the state
|ψ〉 = α|++〉+ β| − −〉, α = sin
2 φ√
sin4 φ+ cos4 φ
, β = cos
2 φ√
sin4 φ+ cos4 φ
. (22)
We have
〈Aj1Bk1 〉 = α2 for j + k ≥ 1,
〈Aj2Bk2 〉 = 0 for j, k ≥ 1,
〈Aj2〉 = 〈Bk2 〉 = α2 cos2 φ+ β2 sin2 φ, (23)
〈Aj1Bk2 〉 = 〈Bj1Ak2〉 = α2 cos2 φ for j, k ≥ 1.
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Figure 2: Distribution of projection axes Aˆx and Bˆ for the state (22) on the great circle of Bloch sphere
to violate (21).
Then the inequality reads α2(2 cos2 φ+1) ≥ 4α2 cos2 φ which is violated whenever cos2 φ >
1/2, i.e. φ < pi/4, although the violation is quite weak, see Fig. 3. Note also that the
violation disappears when the the state becomes either maximally entangled or a simple
product.
Again the violation is quickly understood from the fact that 〈(A1−B1)2〉 = 0 together
with 〈A21(1−B1)2〉 = 0 implies A1 = B1 = 0, 1, and 〈A22B22〉 implies A2 = 0 or B2 = 0. In
the case A1 = B1 = 1, we have a simpler inequality 〈B22〉+〈A22〉+1 ≥ 2(〈B2〉+〈A2〉) which
is true in both cases (either A2 = 0 or B2 = 0). Comparing with the previous section,
the presented example is already robust against low entanglement rate (dominating null
event) as all terms scale equally with non-null probability.
4 Discussion and outlook
We have shown that second-second moments suffice to reject local realism for two observers.
However, each observer has to use at least 3 choices for a maximally entangled state. Two
choices suffice for a non-maximally entangled state but the proposed example is complicated
while the violation is very weak. We suggest several further routes of research
• Find an example with larger violation
• Find violation by position and momentum or prove the impossibility
• Determine the class of inequalities which hold both in classical and quantum me-
chanics
• Apply these or new examples to realistic setup, adjusting if necessary
Low-order moment can help to combine tests of local realism with relativity, which need
a careful treatment of divergences in high-order correlations function. In the case of weak
measurement, a larger violation should help to reduce the effect of background noise, which
has to be subtracted from the statistics. Due to the very small violation in the presented
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Figure 3: Violation of inequality (21) for the state (22) and operators depending on φ (see text), left
hand side – blue/lower, right hand side – red/upper. Note that the curves differ only a little, and the
difference disappears at φ = 0 (product state) or φ = pi/4 (maximally entangled state)
examples, it is also important to check how much noise added to the outcome distribution
spoils the violation in particular cases.
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A Positive polynomial not being a sum of polynomial squares
We will show that (4) is nonnegative. Changing variables
√
2A± = A1 ±A2,
√
2B± = B1 ±B2 (24)
the polynomial W reads
A2+ +A2− +B2+ +B2− + (A2+ +A2−)(B2+ +B2−)− 3
√
3/2A+B+(A− +B−). (25)
Denoting
A =
√
A2+ +A2− =
√
A21 +A22, B =
√
B2+ +B2− =
√
B21 +B22 , (26)
we have
W = (A2 +B2) +A2B2 − 3
√
3/2A+B+(A− +B−). (27)
From Hölder inequality
(A−+B−)2 =
(
A
A−
A
+BB−
B
)2
≤ (A2+B2)
(
A2−
A2
+ B
2−
B2
)
= (A2+B2)
(
2− A
2
+
A2
− B
2
+
B2
)
(28)
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We have also
4(A+B+)2 = 4A2B2
A2+
A2
B2+
B2
≤ A2B2
(
A2+
A2
+ B
2
+
B2
)2
(29)
so
(A+B+(A− +B−))2 ≤ (A2 +B2)A2B2t2(2− t)/4 ≤ A2B2(A2 +B2)8/27 (30)
where t = A2+/A2 + B2+/B2 ≥ 0 and we used the fact that the maximum of t2(2 − t) for
t ≥ 0 is at t = 4/3 and equal 32/27. Therefore
|A+B+(A− +B−)| ≤ (2/3)3/2AB
√
A2 +B2 (31)
while
A2 +B2 +A2B2 ≥ 2
√
A2 +B2AB (32)
completing the proof.
We will show that the polynomial cannot we written as
∑
j Q
2
j where Qj(A1, A2, B1, B2)
are polynomials. Equivalently Qj can be polynomials of A±, B± (change is linear). Now,
Qj can contain only A±, B±, A±B±, A±B∓. Reducing quadratic form by standard meth-
ods we can arrange that only Q1 contains A+,
Q1 = A+ − αA−B+ − βA−B− (33)
Note that Q1 cannot contain A−, B± or A+B± because otherwise Q21 would produce
terms A+A−, A+B±, and A2+B±, which cannot be cancelled later. Rearranging remaining
quadratic terms, only Q2 contains A−
Q2 = A− − γA+B+ + βA+B− (34)
As above, it cannot contain B± or A−B± while −β term follows from the fact thatW does
not contain A+A−B− which can appear only in Q21 and Q22. Continuing rearranging, only
Q3 contains B+ and only Q4 contains B− so
Q3 = B+ − δB−A+ − ηB−A−, Q4 = B− − ξB+A+ + ηB+A− (35)
Moreover α+ γ = (3/2)3/2 = δ + ξ while∑
j
Q2j = α2A2−B2+ + δ2B2−A2+ + (γ2 + ξ2)A2+B2+ + ... (36)
where the dotted term can only increase the first terms. On the other hand W puts
constraints
α2 ≤ 1, δ2 ≤ 1, γ2 + ξ2 ≤ 1 (37)
giving α2 + γ2 + δ2 + ξ2 ≤ 3 while α2 + γ2 ≥ (α + γ)2/2 = (3/2)3/2 and the same for
α→ δ, γ → ξ. This would lead to (3/2)3 ≤ 3 which is not true.
B Maximally entangled state and two choices
We will show that, counter-intuitively, two choices A± are insufficient in the case of maxi-
mally entangled states, i.e. there exists p reproducing moments up to second-second order
in agreement with quantum predictions. In Schmidt decomposition (7), a maximally en-
tangled state is for ψj = 1/
√
N with j = 1..N
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Both Aˆ+,− and Bˆ (we postpone the generalization to many By to the end of the proof)
can have dimension larger than N . Let us us the block notation
Bˆ →
(
Bˆ0 Bˆ†e
Bˆe ∗
)
(38)
with Bˆ0 restricted to the space of 1..N . Firstly, we make a diagonalization of Aˆ± =∑
a± a±|a±〉〈a±|. We define a joint probability (semipositive)
p(a+, a−) = |〈a+|1ˆN |a−〉|2/N (39)
where 1ˆN =
∑
j |j〉〈j| i.e. it is projection to the space 1..N . Our aim is to define positive
conditional probability
p(b|a+, a−) = p(b, a+, a−)
p(a+, a−)
(40)
for the cases p(a+, a−) > 0 (p(b, a+, a−) = 0 if p(a+, a−) = 0) giving correct 〈B〉a± and
〈B2〉a± defined as
〈Bk〉a± = 〈a±|1ˆN Bˆ∗k1ˆN |a±〉/N =
∑
b,a∓
bkp(b, a+, a−) (41)
Here Bˆ is Hermitian and Bˆ∗ = BˆT means either complex conjugation or transpose (equiv-
alent). If suffices to define moments 〈bk〉a+,a− =
∑
b b
kp(b, a+, a−) for k = 1, 2 that satisfy
〈b〉2a+,a− ≤ 〈b2〉a+,a−p(a+, a−), 〈Bk〉a± =
∑
a∓
〈bk〉a+,a− (42)
because then a positive Gaussian model
p(b|a+, a−) = p(a+, a−)√
2pi(〈b2〉a+,a−p(a+, a−)− 〈b〉2a+,a−)
×
exp
(
− (bp(a+, a−)− 〈b〉a+,a−)
2
2p(a+, a−)(〈b2〉a+,a−p(a+, a−)− 〈b〉2a+,a−)
)
(43)
explains up to second-second moments. The Gaussian distribution is only one of options,
other choices include e.g. dichotomic distribution centered at the average. In the case of
equality on (42) we have p(b|a+, a−) = δ(b− 〈b〉a+,a−/p(a+, a−)). We firstly define
2N〈b〉a+,a− = 〈a+|1ˆN |a−〉〈a−|1ˆN Bˆ∗1ˆN |a+〉+ 〈a−|1ˆN |a+〉〈a+|1ˆN Bˆ∗1ˆN |a−〉 (44)
which gives correct 〈B〉a± by the fact that
∑
a∓ |a∓〉〈a∓| is identity in the space containing
1..N (it does not matter if and how larger). We also define
〈b2〉0,a+,a− = |〈a−|1ˆN Bˆ∗1ˆN |a+〉|2/N (45)
which gives correct 〈B20〉a± analogously. Moreover
〈b〉2a+,a− ≤ 〈b2〉0,a+,a−p(a+, a−) (46)
by the fact that
|〈a±|1ˆN |a∓〉〈a∓|1ˆN Bˆ∗1ˆN |a±〉|2 ≤ 〈a±|1ˆN Bˆ∗1ˆN |a±〉〈a∓|1ˆN |a∓〉 (47)
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which follows from CBS inequality |〈v|w〉〈w|u〉|2 ≤ 〈w|w〉2〈v|v〉〈u|u〉 (twice |〈s|t〉|2 ≤
〈s|s〉〈t|t〉 for st = uw,wu) applied to
|v〉 = 1ˆN |a±〉, |w〉 = 1ˆN |a∓〉, |u〉 = Bˆ∗1ˆN |a±〉 (48)
and the fact the 〈v|v〉〈w|w〉 ≤ 1 ( both |a∓〉 are the normalized base vectors, while 1ˆN
projects them into a subspace).
Now, the full second moments contain 1ˆN Bˆ∗21ˆN = Bˆ∗20 + Cˆ with Cˆ = BˆTe Bˆ∗e be-
ing a semipositive operator. Let us define c(a±) = 〈a±|Cˆ|a±〉/N ≥ 0. Note that c =∑
a± c(a±) =
∑
j〈j|Cˆ|j〉/N does not depend on ±. Finally
〈b2〉a+,a− = 〈b2〉0,a+,a− + c(a+)c(a−)/c (49)
assuming c > 0. If c = 0 then Cˆ = 0 and 〈b2〉a+,a− = 〈b2〉0,a+,a− . One can easily check that
it gives the correct full moments, keeping the desired inequality satisfied so the probability
p(b, a+, a−) ≥ 0 exists. For many Bˆy we simply define
p({b}, a+, a−) = p(a+, a−)
∏
y
p(by|a+, a−), (50)
which completes the proof.
References
[1] A. Einstein, B. Podolsky, N. Rosen, Phys. Rev. 47, 777 (1935).
[2] J. S. Bell, Physics 1, 195 (1964).
[3] J. F. Clauser, M. A. Horne, A. Shimony, and R. A. Holt, Phys. Rev. Lett. 23, 880
(1969).
[4] B. Hensen,et al., Nature 526, 682 (2015).
[5] M. Giustina et al., Phys. Rev. Lett. 115, 250401 (2015).
[6] L.K. Shalm et al., Phys. Rev. Lett. 115, 250402 (2015).
[7] W. Rosenfeld et al., Phys. Rev. Lett. 119, 010402 (2017).
[8] A. Bednorz, Phys. Rev. A 95, 042118(2017).
[9] D. Greenberger, M. Horne, A. Shimony. A. Zeilinger, Am. J. Phys. 58, 1131 (1990)
[10] D. Collins, N. Gisin, N. Linden, S. Massar, and S. Popescu, Phys. Rev. Lett. 88,
040404 (2002).
[11] U. Leonhardt and J. A. Vaccaro, J. Mod. Opt. 42, 939 (1995).
[12] A. Gilchrist, P. Deuar, and M. D. Reid, Phys.Rev. Lett. 80, 3169 (1998).
[13] B. Yurke, M. Hillery, and D.Stoler, Phys. Rev. A 60, 3444 (1999).
[14] J. Wenger et al., Phys. Rev. A 67, 012105 (2003).
[15] G. Auberson, G. Mahoux, S. Roy, and V. Singh, J. Math. Phys. 44, 2729 (2003).
[16] O. Thearle et al., Phys. Rev. Lett. 120, 040406 (2018).
[17] E. G. Cavalcanti, C. J. Foster, M. D. Reid, and P. D. Drummond, Phys. Rev. Lett.
99, 210405 (2007).
[18] Q. Y. He, P. D. Drummond, and M. D. Reid, Phys. Rev. A 83, 032120 (2011).
[19] A. Bednorz and W. Belzig, Phys. Rev. B 83, 125304 (2011).
[20] A. Bednorz, W. Bednorz, W. Belzig, Phys. Rev. A 89, 022125 (2014).
[21] Y. Aharonov, D.Z. Albert, and L. Vaidman, Phys. Rev. Lett. 60, 1351 (1988).
[22] A. Bednorz and W. Belzig, Phys. Rev. Lett. 105, 106803 (2010).
[23] D. Curic, M. C. Richardson, G. S. Thekkadath, J. Florez, L. Giner, and J. S. Lundeen,
Phys. Rev. A 97, 042128 (2018).
10
[24] A. Bednorz, Phys. Rev. D 94, 085032 (2016).
[25] A. Salles, D. Cavalcanti, A. Acin, D. Pérez-Garcia, M. M. Wolf, Quant. Inf. Comp.
10, 703 (2010); arXiv:1002.1893
[26] M.-D. Choi, Lin. Alg. and its Appl. 12, 95 (1975).
[27] J. F. Clauser, M. A. Horne, Phys. Rev. D 10, 526 (1974).
[28] P.H. Eberhard, Phys. Rev. A 47, R747 (1993).
11
